Recently, the incidence of diseases in gastro-intestinal (GI) tract has increased annually.
Introduction
Recently, the incidence of diseases in gastro-intestinal (GI) tract has increased annually in the worldwide. More than 1/3 of patients cannot be directly identifided the cause of disease, so they have to endure great pain caused by endoscopy.
Therefore, capsule endoscopy that is used for examining the digestive tract non-invasive or minimally invasively develops rapidly. Relative to the passive capsule endoscopy, capsubot has irreplaceable advantages, such as rate of missed diagnosis reduction, ileus prevention. The capsubot is still in the laboratory because of the insufficient condition. First, we must optimize the motion mechanism of the capsubot. Then as the basic research of the motion mechanism we need to understand the bio-material property of the intestine among which the friction characteristic is the most important.
Previously many domestic and overseas researchers have researched the bio-material property of the intestine. Most of them study the force and the motion change of the capsubot that moves in the intestine based on experiments. D-E Kim analyzed the friction characteristic of the intestine [1] , achieved the modeling of the intestine by classical viscoelastic model [2] and finite-element analysis [3] . P.Dario putted forward hierarchical modeling theory based on the characteristic of the intestine [4] . M Q-H Meng and Guo Zheng Yan also researched the bio-material property of the intestine [5, 6] .
All the research works above focus on specific capsubot, such as inchworm type and leg type. The "internal force-static friction" capsubot moves in way of impact [7] . It moves more efficiently than the inchworm type and more safely than the leg type. In the paper, we want to know how the diameter, mass, speed affect the friction between the moving capsubot and the intestine by means of experiment.
"Internal force-static friction" capsubot

Driving Principle
According to "internal force-static friction" driving principle, the capsubot can be divided into two parts: the shell and the sliding mass. To move the capsubot forward, the required motion consists of four steps [8] (see Figure 1 
Motion Mechanism Prototype
The prototype of the "internal force-static friction" capsubot is shown in Figure 2 The structure with magnetic coagulation effect is chosen in the design of electromagnetic actuator. In order to increase the driving force and the efficiency, we use four coils to combinative drive [9] . The theoretical output force-displacement curve looks like the letter "W" according to finite-element calculation (see Figure 4 ). The actuator is controlled by Pulse-Width Modulation (PWM) signal. The velocity curve of the sliding mass in one period is shown in Figure 5 for the purpose of making the actuator have the highest efficiency and the lowest energy consumption. The maximum speed of the capsubot can reach 85mm/s by means of approximate theoretical calculation and experimental testing when the capsubot is impacting. Therefore, the friction between the capsubot and the intestine in the impact process plays an important part in actuator optimization and motion simulation.
Physical simulation measurement system
In order to simulate the motion state of the "internal force-static friction" capsubot that moves in the intestine, we design and fabricate the physical simulation measurement system (see Figure 6 ). The whole system consist two parts: one is operating station unit and the other one is control, data acquisition and analysis unit. 
Control, Data Acquisition and Analysis
Unit
The main control unit is a computer that connects to the controller of the motor by serial port. We use data acquisition (DAQ) card that is produced by NI to acquire the voltage signal of encoder and micro force sensor. The voltage signal of the micro force sensor is millivolt-level signal, so it needs to be magnified by signal preamplifier.
In the computer we use Labview to read and save data.
Experiments and Results analysis
In the experiment we choose fresh chitterlings, which are soaked in Tyrode's solution. 
Diameter Effect
The diameter of the capsubot is an important parameter for design. Theoretically, as the diameter increases, the friction will increase.
However, the reduction of the diameter has some limitations due to the size of a battery, an image sensor, and an actuator structure in the capsubot.
The diameters of the capsule heads are 12.98mm, 12.04mm and 11.12mm (see Figure 8) . The impact velocity is 60mm/s. During the impact process, the values of maximum friction are 0.4N, 0.38N and 0.35N (see Figure 9) . These values can be helpful information for the design of the actuator size and its actuation force. 
Velocity Effect
It is difficult to describe the process of the capsubot moving in the intestine, because of the nonlinear viscoelasticity of the intestine.
Especially the velocity exerts a tremendous influence on the friction. Many domestic and overseas researchers examine the relationship between the velocity and the friction in detail. The common conclusion is that as the velocity increases, the friction will increase. The shape of the capsule specimen in the experiment is the same as the prototype shown in Figure 3 
Impact Process
The friction in the impact process is very important for the design and control method of the prototype, because the "internal force-static 
Conclusion
In the paper, we design and fabricate the physical simulation measurement system for obtaining the friction characteristic of the intestine.
In order to get some data of the friction characteristic, we executed many experiments for variations of diameter, mass and velocity, especially focus on the velocity variation in impact process. As the diameter and the mass grow, the friction will increase. The velocity exerts a complex influence on the friction. We analyze the state of low velocity and the impact process separately. According to the parameter we get from the experiment, we will optimize the design proposal and the control algorithm of the "internal force-static friction" capsubot.
